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S1: Experimental details
A description of the experimental technique has been presented recently,1 therefore only a
brief overview is given here. An electron beam produced using a Kimball Physics ELG-2
electron gun with a thermal energy spread of about 0.8 eV full width at half maximum, was
pulsed with a repetition rate of 50 kHz. An effusive beam of uracil vapor was produced
by heating a sample of uracil to a temperature of 380 K in a resistively heated oven and
the vapor was effused through a straight stainless steel capillary of 0.3 mm inner diameter
and 20 mm length, heated additionally to a temperature between 400 and 470 K to avoid
condensation. Anions formed in the 6 mm3 collision region defined by the intersection of the
electron and molecular beams were extracted in the direction of the molecular beam, by the
momentum-imaging negative ion spectrometer. The spectrometer consisted of a pulsed ex-
traction electrode and a series of fixed-voltage electrodes defining position- and time-focusing
conditions. Scattered electrons were prevented from entering the spectrometer by a 25 G
magnetic field coaxial with the electron beam, extensive spectrometer and detector shield-
ing and adjusting the delay between the electron gun and ion extraction pulses. Position
and arrival times of the anions were detected by a position- and time-sensitive detector and
recorded event-by-event.
The time of flight (TOF), being the difference between the electron attachment interac-
tion and the anion arrival time at the detector, encoded the mass/charge ratio of the anion.
In an effort to avoid thermal decomposition of the uracil sample, the oven and nozzle heat-
ing parameters were determined by achieving a satisfactory target density while monitoring
the relative peak intensities in the TOF mass spectrum, which were found to be insensitive
to the oven and nozzle temperatures within ±30 K of these typical operating conditions.
Within each mass peak in the TOF coordinate, the ion momentum component along the
spectrometer axis was also encoded. Due to this ion momentum dispersion along the spec-
trometer time of flight (TOF) axis, the mass resolution was limited to about 1/16. The
two-dimensional hit position on the detector encoded the other two mutually orthogonal ion
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momentum coordinates.
S2: Computational details
Conventional electronic-structure methods based on energy minimization are not strictly
applicable to unbound states, including Feshbach resonances, but we wished to confirm that
the 2 1A′′ state was indeed a possible parent state for the 6 eV resonance before proceeding
with scattering calculations. Accordingly, we used the the natural orbitals of the 2 1A′′ state
from the single-excitation configuration interaction (SECI) calculation described in the main
text to carry out a small occupation-restricted multiple active space (ORMAS) conguration-
interaction calculation of 2A′′ anionic states. In our ORMAS calculation, we kept the 26
natural orbitals that had the highest occupation numbers in the SECI calculation doubly
occupied. In the next three orbitals, all of a′′ symmetry and with SECI occupancies of
roughly 2, 2, and 1, we allowed either 4 or 5 electrons. In the remaining a′ orbitals, which
included the a′ SECI natural orbital with occupancy ≈ 1, 1 to 3 electrons were permitted,
while in the remaining a orbitals, either 0 or 1 electron was permitted. Our aim was to
construct a computationally tractable configuration space for describing a (pi3)
1(σR)
2 anion
that would permit the orbitals to relax somewhat from the natural orbitals of the neutral
while omitting dynamical correlation, so that the resulting energy would be comparable to
the Hartree-Fock and SECI energies obtained for the neutral states; we also sought to exclude
pi shape and (pi)1(pi)2 core-excited 2A′ resonances to which the calculation might otherwise
converge. The 2A′′ state energy obtained from the ORMAS calculation was 6.19 eV, and
the state was largely of one-electron character, having an occupation number of 1.70 for the
a′ natural orbital in the active space. Given the severe approximations involved, we cannot
attach great significance to the details of the ORMAS results, but they are at least consistent
with the existence of a (pi3)
1(σR)
2 Feshbach resonance in the energy range of interest.
Our scattering calculations were carried out in the same 6-31+G(d) basis set as used
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for the electronic structure calculations, using the Schwinger multichannel (SMC) method.
The molecular orbitals used to construct many-electron congurations comprised the Hartree-
Fock occupied orbitals together with modied virtual orbitals (MVOs)2 constructed for a +6
cationic Fock operator; however, the first a′ MVO was replaced with the approximate σR
orbital obtained from the ORMAS calculation. Polarization effects were described through
singlet-coupled virtual single excitations from the 18 highest-energy occupied orbitals of
the Hartree-Fock ground state into the 30 lowest-energy MVOs (with, again, one of these
replaced by σR). Triplet-coupled single excitations from the occupied pi orbitals into the
three lowest a′′ orbitals, which approximate well the pi∗ valence orbitals, were also included.
These excited configurations, as well as the closed-shell ground state configuration, were then
coupled with orbitals drawn from the virtual space to form all possible 2A′′ configuration
state functions. Entrance amplitudes for dissociative attachment may be computed from the
expression EA(
−→
k in) = 〈φ|V |ψ(+)b (
−→
k in)〉, where φ is a square-integrable approximation to
the resonant state responsible for dissociative attachment, ψ
(+)
b is the background scattering
wave function obtained by solving the scattering problem in a space orthogonal to φ, and
V is the electronic potential coupling φ and ψ(+). In this expression, the Dirac brackets
indicate integration over electronic coordinates, and a fixed nuclear geometry is assumed.
Detailed numerical modeling of the dissociative attachment process requires knowledge of
the entrance amplitude as a function of nuclear geometry along the dissociation coordinate.
However, on the assumption that attachment takes place mainly when the nuclei are near
their most probable conguration, qualitative information about the attachment process may
be derived from the entrance amplitude at the ground-state equilibrium geometry alone. In
the present case, we assume that attachment near equilibrium dominates and further make
the axial recoil approximation, i.e., we assume that the anionic fragment is ejected along
the direction in which the breaking bond points at the instant of attachment. Under these
assumptions, the observed correlation between the direction of the electron beam and the
direction in which the anion is detected depends only on the angular variation of the entrance
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amplitude at the equilibrium geometry.
Because the SMC method employs a square-integrable representation of the electron-
molecule collision system, it is straightforward to determine approximations to φ and ψ
(+)
b .
For the resonant state φ, we simply use the doublet configuration state function with a hole
in pi3 and two electrons in the σR natural orbital obtained from the ORMAS calculation. We
obtain ψ
(+)
b by solving the elastic scattering problem with φ excluded from the variational
trial space. In practice, we first obtain K-matrix solutions ψPb and then use scattering
identities to obtain the associated T -matrix solutions ψ
(+)
b . In the SMC method, ψ
(+)
b are
represented as sets of coefficients, dependent on the electron’s direction of incidence
−→
k in,
that multiply the doublet conguration state functions comprising the SMC variational space.
These coefficients are readily combined with the appropriate piece of the V matrix in the
same basis to produce the entrance amplitude EA(
−→
k in). In a final step, to make contact
with laboratory experiments performed on a collection of randomly oriented molecules, we
average the squared entrance amplitude over orientations while holding the angle between
−→
k in and the dissociating bond fixed.
In Fig. 1 we show the square modulus of the entrance amplitude in the body frame,
calculated at a collision energy of 6.3 eV. The expected node in the molecular plane, required
by the A′′ symmetry of the resonance, is readily visible, and it is clear that the entrance
amplitude is largest in directions nearly perpendicular to the ring, and thus to the N1-H1
bond.
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Figure 1: (Color online) Entrance amplitude for the (pi3)
1(σR)
2A′′ resonant state at 6.3 eV
collision energy plotted as a function of the electron direction
−→
k in. The overlaid schematic
shows the orientation of the molecular frame (molecular plane perpendicular to the page) in
which the entrance amplitude is plotted.
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